Abstract.-In the current study, we simulated different components of a live-release angling tournament (angling, live-well confinement, and weigh-in) to determine the relative physiological significance of these tournament components for largemouth bass Micropterus salmoides. Our results indicated that depletions of white muscle energy stores and accumulations of muscle lactate (i.e., a large metabolic disturbance) are the most important consequences of live-release angling tournaments for largemouth bass. This study also showed that there are two distinct components of a live-release tournament that cause a metabolic disturbance in largemouth bass: angling and the weigh-in. While the physiological consequences of angling are already well understood, this is the first study to show that the weigh-in portion of a live-release tournament also causes a large anaerobic disturbance in largemouth bass. In our simulation, the weigh-in resulted in a 75% decrease in white muscle phosphocreatine, a 46% decrease in ATP, and a 62% decrease in glycogen relative to control largemouth bass. The weigh-in simulation also caused the lactate concentration in white muscle to increase by about sevenfold relative to control fish and resulted in significant changes to cardiac function. Based on these results, subsequent experiments were performed to determine the main factor(s) responsible for the metabolic disturbance that results from the weighin. These experiments demonstrated that the period of air exposure during the weigh-in was a major cause of this disturbance. We recommend that tournament organizers minimize the air exposure that largemouth bass receive during the weigh-in to improve the physiological condition of released tournament-caught fish.
Competitive angling events have become increasingly widespread in the past several decades; at least 30,000 events occur annually across North America (Shupp 1979; Schramm et al. 1991; Kerr and Kamke 2003) . Despite their potential benefits (Schramm et al. 1991; Pereira et al. 2002) , liverelease angling tournaments for largemouth bass Micropterus salmoides may have negative biolog-dividual factors may indirectly influence mortality, the underlying physiological mechanisms responsible for tournament mortality have not been clearly identified.
During an angling tournament, many factors may contribute to physiological disturbances in fish. For example, angling normally involves burst (anaerobic) exercise, as well as air exposure during hook removal (Payer et al. 1989; Gustaveson et al. 1991; Ferguson and Tufts 1992; Kieffer et al. 1995) . To keep fish alive during the angling day, anglers typically retain fish in on-board live wells supplied with fresh lake water. Nevertheless, fish may be exposed to several stressors, including hypoxia (Hartley and Moring 1993) , temperature change (Plumb et al. 1988) , crowding (Cooke et al. 2002) , and accumulation of metabolic wastes (Kwak and Henry 1995) . Fish also may experience an additional physiological disturbance during the weigh-in process. At the weigh-in, fish are normally confined in water-filled plastic bags while being transferred from the live well to the weighin staging area, and are then exposed to air while being weighed on a scale. Suski et al. (2003) recently showed that the most important physiological change that occurred in tournament-caught largemouth bass was a large metabolic disturbance characterized by depletion of muscle energy stores and accumulation of lactate in plasma and white muscle. At present, however, the relative contributions of the different components of a live-release angling tournament toward the observed physiological disturbances in fish are unknown.
In this study, our first objective was to determine the relative physiological impact of the different components of a live-release angling tournament. To do so, we assessed changes in the physiology of largemouth bass during experimental simulations of different components of a live-release tournament. We hypothesized that the period of live-well confinement for many tournamentcaught fish would be sufficiently long to permit recovery from the metabolic disturbances associated with angling (i.e., clearance of lactate, replenishment of energy stores, etc.) (see Gustaveson et al. 1991; Wood 1991; Wang et al. 1994a; Milligan 1996) , and that other aspects of live-release tournaments must therefore contribute to the large metabolic disturbance observed in largemouth bass at the end of the tournament day (Suski et al. 2003) . Preliminary results from this simulation experiment showed that the weigh-in was an important factor contributing to the physiological disturbance in tournament fish. We therefore conducted a second series of experiments to examine the significance of a potentially important aspect of the weigh-in procedure-the period of air exposure. We hypothesized that the period of air exposure during the weigh-in would be a significant factor contributing to the physiological disturbance in tournament fish. Both series of experiments involved the sampling of blood, tissue, and cardiac parameters of largemouth bass exposed to experimental manipulations.
Methods
Experiments were carried out from June to September of 2002 at the Queen's University Biological Station (QUBS) on Lake Opinicon, Ontario (44Њ31ЈN, 76Њ20ЈW). During experiments, water temperatures at QUBS ranged from 22ЊC to 24ЊC and averaged 23ЊC. All largemouth bass used in the study were angled by use of standard gear from lakes in southeastern Ontario, and were held in laboratory holding tanks for 24-48 h prior to experimentation. Previous work has shown that, after 24 h of recovery time, fish have fully recovered from the physiological disturbances (i.e., depletion of energy stores, accumulation of lactate, etc.) that arise from angling and exercise (Gustaveson et al. 1991; Wood 1991; Wang et al. 1994b; Milligan 1996; Kieffer 2000; C. D. Suski and B. L. Tufts, unpublished data) . The mean size of the fish used in these experiments was 327.2 mm total length (SE, 6.2 mm; N ϭ 57) and 506.8 g (SE, 31.4 g; N ϭ 57). Although sample sizes for each experiment were within the range of those used in similar in vivo physiological experiments (Wang et al. 1994a; Richards et al. 2002) , it is also important to point out that, in accordance with the spirit of current Animal Care Guidelines at Queen's University, we attempted to use the minimum number of wild specimens for these experiments.
Series I: Tournament Simulation Experiment
Series I was divided into two parallel experiments: terminal blood and tissue sampling and in vivo monitoring of cardiac output.
Blood and muscle sampling: control.-Largemouth bass were moved from a common holding tank in the laboratory to individual flow-through, black perspex boxes supplied with aerated freshwater, where fish were held for 24-48 h before sampling (Suski et al. 2003) . Immediately prior to sampling, we terminated the flow of water to the boxes and added a buffered mixture of anesthetic (3-aminobenzoic acid ethyl ester methanesulfonate ) to each box. The concentrations in the anesthetic solution were 250 mg/L for MS-222 and 500 mg/L for NaCO 3 (Summerfelt and Smith 1990; Booth et al. 1995) . Once the largemouth bass had lost equilibrium and ceased ventilation (about 1.5 min), we collected blood and tissue samples.
We obtained blood samples by puncturing the caudal vessel with an 18-gauge needle and heparinized syringe (Summerfelt and Smith 1990) . Blood was withdrawn from the vessel, transferred to a 1.5-mL microcentrifuge tube, and immediately centrifuged for 1 min. We then used a pipette to draw the plasma (supernatant) from the corpuscular portion of the blood. Both plasma and erythrocytes were stored in the field in liquid nitrogen and transferred to a Ϫ80ЊC freezer in the laboratory.
For tissue sampling, we removed about 5-10 g of white muscle from the epaxial musculature behind the operculum and above the lateral line. We immediately freeze-clamped the muscle samples in aluminum tongs that were precooled in liquid nitrogen, wrapped the samples in aluminum foil, and then transferred them to a dewar containing liquid nitrogen, where they were held until our return to the laboratory. This method of tissue preparation results in preservation of energy metabolites and prevents the accumulation of waste products from sampling-induced activity (Wang et al. 1994b) . Once in the laboratory, we removed the samples from the dewar and stored them in a Ϫ80ЊC freezer until processing (Booth et al. 1995) . The time required for the collection of blood and tissue after the fish had ceased to ventilate was normally less than 30 s.
Blood and muscle sampling: angling simulation.-The next component of the experiment was intended to simulate the physical activity that fish experience during angling. Our main objective during this component was to produce a significant anaerobic disturbance in the fish so that we could examine what happened to this disturbance during other components of our tournament simulation. It was also important for us to reproduce a similar anaerobic disturbance in all fish involved in these experiments. Because the physiological disturbance caused by angling is very similar to the physiological response to other forms of burst (anaerobic) exercise (Gustaveson et al. 1991; Wood 1991; Kieffer et al. 1995) , we chose to manually chase the fish for 1 min to produce an anaerobic disturbance that would be similar to that caused by an angling bout.
For this component, we carefully netted largemouth bass from a holding tank and transferred them to a tank filled with fresh lake water. Following 1 min of manual chasing, we transferred the fish to a container of lake water containing the anesthetic mixture. Following cessation of ventilation, we sampled the fish for blood and tissues. Blood and muscle sampling: live-well confinement.-To simulate live-well confinement, we netted largemouth bass from a holding tank, exercised them as described above, and then transferred them to a live well on board a recreational angling boat. On three different days, groups of four largemouth bass were held in the live well for 6 h at densities of 40.8 Ϯ 1.3 g/L (SE). We remained on board the boat during this portion of the experiment to replicate typical tournament activities (i.e., drive the boat, angle, etc.). Every 20 min, we turned the live-well aerator on for a duration of 10 min. This served to add fresh lake water to the live well and to aerate the live-well water via the spraying of fresh water. At the end of the confinement period, we added anesthetic to the live well. Once the fish had completely lost equilibrium, we sampled them for blood and tissues as described above. Of the largemouth bass contained in the live well on a particular day, two were sampled as part of the live-well treatment, and two were removed and sampled as part of the weigh-in treatment. Fish used in the weigh-in treatment (see below) were removed prior to the addition of anesthetic to the live well, and care was taken not to disturb fish used in the live-well treatment when weigh-in treatment fish were removed. Water temperatures during all periods of live-well confinement, both at the surface of the lake and inside the live well, ranged from 22ЊC to 24ЊC.
Blood and muscle sampling: weigh-in simulation.-For the next experimental component, fish were exercised for 1 min, confined in a live well for 6 h (see previous section), netted from the live well, transferred in clear plastic bags (20 L of lake water), and held in the bags for 5 min to simulate tournament conditions prior to weighing the fish. Next, the fish were emptied into a plastic laundry basket that drained quickly, were exposed to air for 1 min, and then were anaesthetized prior to collection of blood and muscle. The duration of air exposure and confinement in transport bags approximated the duration measured in live-release tournaments in southeastern Ontario (C. D. Suski and B. L. Tufts, unpublished data) .
Blood and muscle sampling: recovery.-The final component we examined in this experiment was a recovery group. For this component, large-mouth bass received all of the treatments described above, were placed in darkened perspex boxes for 24 h to recover, and were then sampled for blood and tissue.
Blood and muscle sampling: analyses.-Analyses for plasma and white muscle variables are described in detail in Booth et al. (1995) and in Suski et al. (2003) . We quantified plasma osmolarity with a freezing-point depression osmometer (Advanced Instruments, Inc., model 3M0). Plasma lactate concentration was quantified with a commercially available lactate assay (Sigma-Aldrich Co., product number 826-A) that followed the methods of Lowry and Passonneau (1972) .
We used the enzymatic assay methods of Lowry and Passonneau (1972) to perform analyses of tissue lactate, phosphocreatine (PCr), and ATP concentrations after processing the muscle according to the procedure described in Booth et al. (1995) . An additional portion of muscle tissue was used to measure glycogen according to the method of Hassid and Abraham (1957) .
The total anaerobic energy expenditure (AEE) in ATP equivalents within the white muscle of fish from each treatment group was calculated as AEE ϭ (⌬lactate ϫ 1.5) ϩ ⌬ATP ϩ ⌬PCr, where ⌬ represents the change from control values, 1.5 ATP units are generated per unit of lactate produced, and 1 PCr unit is equal to 1 ATP unit (Pearson et al. 1990; McDonald et al. 1998) .
Cardiac variables.-In addition to blood and tissue sampling, we also monitored cardiac variables during a simulated live-release angling tournament Schreer et al. 2001; Cooke et al. 2003) . Both control and recovery values of cardiac activity were obtained by 5-min monitoring of fish in 75-L aquaria supplied with a continuous flow of lake water. We again simulated the angling portion of the experiment in an oval tank, and fish were chased for 1 min, following which their cardiac activity was monitored for 5 min.
The collection of cardiac variables required the lead wire from the silicone cuff-type Doppler flow probe to remain attached to the fish throughout the experiment. The lead wire was about 1 m in length; therefore, placing all experimental fish into one common live well would have resulted in the possibility of lead wire entanglement and/or damage to the aorta. As a result, the live-well portion of the experiment could not be conducted by placing all fish in one common live well, and we therefore carried out this component on board a 6-m pontoon boat upon which eight individual live wells were constructed. The simulated live wells consisted of plastic containers (about 50 L of water in volume), each with a tight-fitting lid. Freshwater was delivered to the live wells by a pump submerged in the lake at a depth of about 0.75 m. Each live well contained one subject fish (mean weight Ϯ SE ϭ 571.9 Ϯ 49.7 g) that was monitored for cardiac output, and one companion fish (mean weight ϭ 381.2 Ϯ 44.7 g) added to the live well to increase fish density. Once the pontoon boat had returned to the dock after 6 h of driving, the cardiac activity of each subject fish was recorded for 5 min.
Following experimentation, we euthanatized all fish outfitted with Doppler flow cuffs with an overdose of anesthetic (180 mg clove oil/L), and we conducted a postmortem calibration to convert Doppler shift (V) to actual blood flow (mL/min) (see Cooke et al. [2001] and Schreer et al. [2001] for details). Pig blood perfused through the aorta was used to calibrate the probes over a range of flow rates encompassing those recorded during the trials. Reference flow rates were analyzed with linear least squares regression.
Series II: Weigh-In Experiments
The second series of experiments involved a simulated weigh-in to examine the relative importance of air exposure during the weigh-in procedure. As with the tournament simulation portion of the study, our examination of the weigh-in was also divided into two parallel experiments: terminal blood and tissue sampling, and in vivo monitoring of cardiac output. All experimental procedures for blood and tissue sampling and cardiac monitoring were identical to those described above for the first series of experiments.
For these experiments, we carefully netted all fish from a common holding tank in the laboratory and quickly transferred them to a plastic bag containing 20 L of lake water. Fish were held in the plastic bag for 5 min to replicate an angler transporting fish from a boat to the weigh-in stage. Following this 5-min period, we randomly assigned fish to one of two different treatment groups: air or water.
Largemouth bass in the air treatment group were transferred from the plastic bag to a laundry basket as in the previous series of experiments. We left these fish air exposed in the laundry basket for 1 min, and then transferred them directly to a container of buffered anesthetic at concentrations listed above and sampled them for plasma and tissue. Largemouth bass in the water treatment were trans-FIGURE 1.-Tissue concentrations of (A) phosphocreatine (PCr), (B) ATP, and (C) glycogen in largemouth bass sampled after different components of a simulated live-release angling tournament. Error bars show 1 SE, and sample sizes for the different components are given on each bar. Asterisks denote significant differences from the control group (ANOVA; Dunnett's test, P Ͻ 0.05).
ferred from the plastic bag to a container of lake water, and we left them in the container of lake water for 1 min. These fish were then transferred directly (without air exposure) to a container of buffered anesthetic and were sampled for plasma and tissue. Largemouth bass used in the cardiac output series of experiments were continuously monitored during similar air and water treatments, and we further monitored them for 2 h following return to perspex boxes.
Statistical Methods
We performed comparisons of all blood and tissue analyses across components in series I using a one-way analysis of variance (ANOVA) followed by a Dunnett's test comparing treatment means to the control means (Zar 1999) . The AEE of largemouth bass from the different treatments in the weigh-in simulation (series II) were compared by use of a t-test, and the AEE of fish from the tournament simulation (series I) were compared with a one-way ANOVA followed by a posthoc Student's t-test (Sokal and Rohlf 1995) . We used a one-way repeated-measures ANOVA followed by a post hoc Student's t-test (Sokal and Rohlf 1995) to compare the results from the cardiac output portion of the tournament simulation experiment. Results from the cardiac output portion of the series II experiments were examined by use of a two-way repeated measures ANOVA (main effects: treatment group and time) followed by a post hoc Student's t-test (Sokal and Rohlf 1995) . Analyses were performed with the software JMPIN 4.0 (SAS Institute, Inc.). We report all means with SE values, and the level of significance (␣) for all tests was 0.05.
Results

Tournament Simulation Experiments
The angling simulation resulted in decreases of 75, 46, and 62% for white muscle PCr, ATP, and glycogen, respectively, relative to control fish ( Figure 1A-C) . After live-well confinement, energy stores recovered to resting control levels (Figure 1A-C) . The weigh-in simulation caused a second significant decrease in energy stores, but values were restored following 24 h of recovery (Figure 1A-C) . Similarly, following the exercise component, concentrations of lactate in white muscle increased 315%, and concentrations of lactate in plasma increased nearly fivefold (Figure 2A, B) . These disturbances returned to resting control levels with live-well confinement, but again showed significant increases after the weigh-in simulation (Figure 2A, B) . Twenty-four hours of recovery, however, allowed lactate concentrations in both white muscle and plasma to return to control levels (Figure 2A, B) . Furthermore, following the exercise and weigh-in components of the experiment, the AEE of largemouth bass was over 30 times greater than for the live-well and recovery components (Figure 3) .
Following the exercise bout, there was a significant (15%) increase in plasma osmolarity (Figure 4A) . The osmotic disturbance associated with the angling simulation was corrected, however, after live-well confinement ( Figure 4A) . A second significant increase in plasma osmolarity was observed following the weigh-in simulation, but recovery allowed plasma osmolarity to return to control levels ( Figure 4A ). During the tournament simulation, the concentrations of plasma chloride in all components did not differ significantly from control values (ANOVA, P Ͼ 0.05, Figure 4B ).
Following the angling simulation, live-well treatment, and weigh-in treatment, the cardiac output of largemouth bass was elevated by about 40% relative to control individuals ( Figure 5A ). This disturbance was primarily driven by significant increases in heart rate at these sampling times (Figure 5B) . After a 24-h recovery, all three cardiac parameters had returned to resting control levels ( Figure 5A-C) . No mortality was observed following any portion of the tournament simulation.
Weigh-In Experiments
During the weigh-in simulations, PCr fell by 83% in air-exposed largemouth bass and 40% in non-air-exposed largemouth bass ( Figure 6A) . Similarly, tissue ATP concentrations fell by 50% in largemouth bass that were exposed to air during the weigh-in and 30% in fish that were not exposed to air ( Figure 6B ). Tissue glycogen concentrations in non-air-exposed fish were not significantly different from control values, but glycogen fell by 66% in air-exposed fish ( Figure 6C ).
Air exposure during the weigh-in resulted in a sevenfold increase in tissue lactate concentration relative to control values ( Figure 7A ). When largemouth bass were not exposed to air during the weigh-in, however, tissue lactate concentrations did not differ significantly from control levels ( Figure 7A ). Plasma lactate increased by 2.7 mmol/L in air-exposed fish, but increased only by 1.6 mmol/L in non-air-exposed fish ( Figure 7B ). The AEE of largemouth bass receiving air exposure during the weigh-in simulation (38.2 Ϯ 2.4 ATP equivalents [mol/g wet weight]) was also more than double that of the control group (14.7 Ϯ 3.3 ATP equivalents).
During the weigh-in simulation of series II, the cardiac output of largemouth bass increased significantly once the fish were transferred from the holding tank to the plastic transport bag ( Figure  8A ). For fish that were not exposed to air during the weigh-in, cardiac output remained elevated for 0.5-1.0 h, then returned to control levels. In contrast, fish that received air exposure during the weigh-in exhibited a significantly lower cardiac output during the air exposure period, followed by a significant increase in cardiac output when returned to the recovery chamber. The cardiac output of air-exposed fish required 1.0-1.5 h to return to resting levels ( Figure 8A ). These differences in cardiac output resulted mainly from increases in heart rate. During the recovery period, the heart rate of air-exposed largemouth bass was significantly greater than that of non-air-exposed fish ( Figure 8B ). Air-exposed fish also exhibited a significant decline in stroke volume relative to control values that was absent in fish that remained in water ( Figure 8C ).
Discussion
Our current results support recent findings of Suski et al. (2003) and provide further evidence that live-release angling tournaments cause a significant metabolic disturbance in largemouth bass. This is the first study, however, to show that there are two distinct components of a live-release tournament that cause severe bouts of anaerobic activity in fish. In our experiments, both the angling simulation and the weigh-in caused large reductions in muscle energy stores and accumulations of lactate. Physiological changes of this nature occur in fish following such disturbances as exhaustive (anaerobic) exercise (Wood 1991; Wang et al. 1994a; Kieffer et al. 1995; Schreer et al. 2001) , air exposure (Ferguson and Tufts 1992; , and hypoxia (Boutilier et al. 1988) . In each of these situations, an inadequate oxygen supply forces tissues to use anaerobic glycolysis to meet ATP demands.
The physiological changes caused by the angling simulation in the present study were very similar to those of angled fish in previous studies (Gustaveson et al. 1991; Wood 1991; Kieffer et al. 1995; Cooke et al. 2000; Suski et al. 2003) . Previous studies have also shown that the magnitude of the postangling disturbance is influenced by the duration of the angling bout (Gustaveson et al. 1991; Kieffer et al. 1995) . Given that professional tournament anglers strive to land fish as quickly as possible, it is likely that the magnitude of the physiological disturbances exhibited by fish angled in many tournament situations is lower than that created in the present simulation. In the present study, our objective during the angling simulation was simply to create an anaerobic disturbance in the fish similar to that caused by a significant angling bout, so that we could determine whether the fish were able to recover from this disturbance during the subsequent components of the tournament. The changes in muscle metabolites during this component of our experiment clearly indicated that we achieved this objective.
There was little evidence from the variables measured that the period of live-well confinement caused an additional physiological disturbance in the fish. These results are somewhat surprising, because the results of previous studies (Hartley and Moring 1993; Kwak and Henry 1995; Eros and Milligan 1996) suggest that live-well confinement could have a negative impact on the physiological condition of tournament-caught fish. In contrast, our results indicate that largemouth bass held within a live well can recover from the disturbance caused by angling if an appropriate set of environmental conditions is provided. Although the fish in our study were exposed to moderate crowding in the live well and were frequently disturbed, it is likely that physiological recovery from exercise was possible because the live-well water quality was maintained within reasonable limits by our consistent aeration/flushing schedule, and because water temperatures were not near critical levels for this species. Recovery from exhaustive exercise involves the clearance of metabolic wastes, replenishment of energy stores, and the correction of osmotic and acid/base imbalances (Wood 1991; Wang et al. 1994a ). These recovery processes appear to be fueled by the oxidation of lipids (Richards et al. 2002) and require an aerobic environment to support an increase in oxygen consumption (Scarabello et al. 1991) . While our results indicate that largemouth bass are capable of full recovery from angling during live-well confinement, an important goal of future studies in this area will be to clearly determine the critical thresholds of water quality (e.g., oxygen, temperature, etc.) and live-well density that must be maintained to allow physiological recovery from angling to take place.
Interestingly, the nature and magnitude of the subsequent physiological disturbance were very similar between the simulated weigh-in and the angling simulation. The physiological condition of the fish following the weigh-in simulation in the present study was also very similar to that of fish sampled immediately after real tournaments (Suski et al. 2003) . These results indicate that the weighin procedure in live-release tournaments causes another major bout of anaerobic activity comparable to that caused by a significant bout of burst FIGURE 5.-(A) Cardiac output, (B) heart rate, and (C) stroke volume of largemouth bass (N ϭ 8) sampled after different components of a simulated live-release angling tournament. Error bars show 1 SE, and asterisks denote significant differences from the control group (repeated-measures ANOVA; post hoc Student's t-test, P Ͻ 0.05).
FIGURE 6.-Tissue concentrations of (A) phosphocreatine (PCr), (B) ATP, and (C) glycogen in largemouth bass sampled after either air or water exposure during a simulated angling tournament weigh-in. Error bars show 1 SE, and sample sizes for the different components are given on each bar. Asterisks denote significant differences from the control group (ANOVA; Dunnett's test, P Ͻ 0.05).
(exhaustive) exercise. These findings can be explained by the procedures currently involved in the weigh-in during most live-release tournaments. The weigh-in process typically involves an extended period of air exposure, during which the fish may also undergo substantial physical activity. Even relatively brief periods of air exposure in combination with physical activity have been shown to have serious physiological consequences for fish (Ferguson and Tufts 1992) . Depending upon the weight of fish and the water temperature, the transfer bags used to bring the fish to the weigh-in site in real tournaments may also become hypoxic within a relatively short period of time if adequate precautions are not taken (C. D. Suski and B. L. Tufts, unpublished data) . Taken together, these findings indicate that in many live-release tournaments, the weigh-in may actually be the most challenging component for the fish. We also acknowledge, however, that certain environmental conditions (e.g., extreme temperatures, waves, etc.) will likely influence the magnitude of the physiological disturbance during some tournament components, such as live-well confinement.
The results of our second series of experiments demonstrated that the anaerobic disturbance arising from the weigh-in is largely a result of the prolonged air exposure during this component of a tournament. Largemouth bass that were exposed to air during the weigh-in exhibited greater physiological disturbances than non-air-exposed fish. The values for muscle energy reserves and lactate measured following the weigh-in simulation were also comparable in magnitude to variables measured after the weigh-in of actual live-release tournaments (Suski et al. 2003) , indicating that this simulation accurately replicated actual conditions. These results clearly indicate that efforts to minimize or eliminate air exposure during the weighin process of live-release tournaments would prob-FIGURE 7.-(A) Tissue lactate and (B) plasma lactate concentrations in largemouth bass sampled after either air or water exposure during a simulated angling tournament weigh-in. Error bars show 1 SE, and sample sizes for the different components are given on each bar. Asterisks denote significant differences from the control group (ANOVA; Dunnett's test, P Ͻ 0.05).
ably have an important impact on the physiological condition of largemouth bass following these events.
Our results may also provide some insight into the most common reasons for the mortality that occurs at some live-release tournaments. Previous studies have suggested that the fish mortality associated with these events may be due to the cumulative effects of numerous sublethal stressors arising from the tournament procedure (Schramm et al. 1987; Kwak and Henry 1995) . If this is indeed the case, one of the most serious physiological consequences for fish in tournaments would likely be a significant reduction in plasma ion concentrations, which have been shown to result from chronic exposure to stress (Mazeaud and Mazeaud 1981; Wood et al. 1983; Carmichael et al. 1984; Wood 1991) . In the present study, however, there were no significant decreases in plasma chloride concentration following any component of the simulated tournament, and changes in plasma osmolarity returned to control values following 24 h of recovery. Although fish undoubtedly experience some increases in ion losses across the gills during certain components of the tournament, these findings indicate that chronic stress is unlikely to be the main reason for mortality in these events. In contrast, the present results indicate that the most serious physiological consequence of the current tournament format may be extreme bouts FIGURE 8.-(A) Cardiac output, (B) heart rate, and (C) stroke volume of largemouth bass (N ϭ 8) sampled after either air or water exposure during a simulated angling tournament weigh-in. Error bars show 1 SE. Asterisks denote significant differences from the control group within a treatment, and plus signs denote significant differences between air and water treatments at a given sampling time (two-way repeated-measures ANOVA; post hoc Student's t-test, P Ͻ 0.05).
of anaerobic activity. In the present study, these anaerobic bouts did not result in any fish mortality. In real tournaments, however, we have frequently observed that the severity of the anaerobic bout during the weigh-in may exceed that used in the present study. If adequate precautions are not taken, fish may also be exposed to aquatic hypoxia during confinement in the transfer bags prior to the weigh-in, or immediately following the weighin while being held in tanks or boats prior to re-lease. Because the weigh-in procedure already appears to cause a large anaerobic disturbance in tournament fish, it is likely that any further increases in this disturbance may result in significant fish mortality.
